The compilation of data on alien species reported from the Turkish coasts yielded a total of 263 species belonging to 11 systematic groups, of which Mollusca had the highest number of species (85 species 
Intoduction
Species introduction is one of the major factors adversely affecting biological diversity (ELTON, 1958) . The impacts of alien species on their new environment include restructuring established food webs, importing new diseases and competition with native organisms for food and space. Other significant ecological changes may occur when the invading organisms reproduce with native species, altering the gene pool (OCCHIPINTI AMBROGI, 2001 ). Invaders may belong to any taxonomical group, and are capable of colonizing every ecosystem on earth, changing the ecological relations within communities, altering evolutionary processes and causing dramatic changes in native populations, including extinctions (MACK et al., 2000) .
The negative effects of aliens experienced world-wide have triggered the social and scientific media to take some precautions against the dispersal of aliens among regions or among localities within a particular region.Thus, compiled data regarding all aliens or a target organism (i.e. Caulerpa taxifolia in the Mediterranean Sea) are urgently required by scientists and decision makers. In addition, monitoring programmes on spatio-temporal structures of communities particularly in the hot spot areas for aliens such as harbours, brackish and polluted waters should be undertaken both on local and global scales.
Turkey is surrounded by four seas with different hydrographical characteristics. The maritime traffic taking place through the Dardanel and Bosphorus straits and among commercial harbours makes the Turkish coasts more susceptible to invasions by aliens. The proximity of Turkey to the Suez Canal has resulted in dense settlements of Lessepsian migrants, especially in habitats along the Levantine coast of Turkey. Alien species and their roles in the benthic and pelagic ecosytems is increasingly becoming a subject of study in the country.
This paper reviews the alien species reported from the Turkish coasts and constitutes the first comprehensive database for future studies.
Methods

Data on alien species along the Turkish coasts
In this study, only reported data on aliens along the Turkish coasts have been taken into account. All calculations are based on species' records up to the end of 2005. Cryptogenic species have not been included in our compiled list. Some of the species in Table 1 , which represent uncertainty in their real taxonomic position and distributional pattern, are classified as questionable or excluded. The questionable species will turn into aliens if their real taxonomic and distributional identities are clarified. In all calculations, including number of species per sea, only the established and questionable species have been taken into account. The importance of aliens in the total biota was estimated, based on the authors' databases. Table 1 includes all alien species reported from the Turkish coasts. The species are categorized by their origins, the mode of introduction and their habitat and depth preferences. The establishment success is assigned for each species. The first reported years of the species together with the relavant publications are also given for each sea.
Results and Discussion
List of alien species from the Turkish coasts
The present data show that a total of 263 alien species, which belong to 11 systematic groups, occur along the Turkish coasts. Among the groups, Mollusca had the highest number of species (85 species), followed by Crustacea (51), fishes (43) and phytobenthos (39) . Cnidaria is represented by only two species (Rhopilema nomadica and Cassiopea andromeda), Ctenophora by 2 species (Mnemiopsis leidyi and Beroe ovata), Pantopoda by one species (Anoplodactylus californicus), Bryozoa by one species (Rhynchozoon larreyi) and Echinodermata by 2 species (Ophiactis savignyi and Synaptula reciprocans).
Thirty-two species are considered as questionable or excluded in Table 1 , mainly due to the uncertainty in their real taxonomical status and distributional patterns. The polychaetes, Branchiosyllis exilis, Opisthosyllis brunnea, Rhodine loveni and Monticellina dorsobranchialis, which were previously considered as Lessepsian migrants, indeed occur also in the western Mediterranean and the Atlantic Ocean. These species were also previously proposed to be excluded from the list of Lessepsian species ÇINAR, 2003; 2005) . RULLIER (1963) found 11 polychaete species with IndoPacific affinity from the Sea of Marmara ( Table  1) . Of the species, Nereis zonata persica and Timarete ancylochaeta were also reported along the Levantine coast and considered as Lessepsian migrants (BEN-ELIAHU, 1995 
Distribution of alien species on the Turkish coasts
The number of alien species found along the Turkish coasts and their modes of introduction are presented in Figure 1 . The Turkish Black Sea coast possessed the lowest number of species (20 species), whereas the Turkish Levantine coast had the highest (202 species). The importance of shipping as a vector of introduction of species gradually diminishes from the Black Sea to the Levantine Sea. Lessepsian migrants exclusively dominate benthic habitats of the Levantine Sea.
The Aegean Sea appears to be more influenced by Lessepsian migration than ship transportation.
The majority (70% of the species) of the marine animals introduced by ships in the Aegean Sea were reported from Izmir Bay; Polydora cornuta, Streblospio gynobranchiata, Ficopomatus enigmaticus, Hydroides dianthus, H. elegans, Spirorbis marioni, Anadara demiri and A. inequivalvis. This is mainly attributed to two facts; 1) Alsancak Harbour, which is one of the most important commercial harbours in Turkey, is located in the polluted part of Izmir Bay, 2) This bay has been relatively well studied and continuously monitored since the 1970's. Species-poor communities such as polluted or physically degraded environments are known to be more vulnerable to invasion than are other communities (ZIBROWIUS, 1992). Izmir Bay has been subjected to various pollution discharges, intense marine transportation and increasing human populations. Ocean-going ships approaching Alsancak Harbour for loading or unloading processes empty their ballast tanks just before entering the harbour and the weakening in the ecosystem due to pollution greatly facilitates the settlement of alien species in the area.
Rate of invasion
The new additions to the inventory of the marine alien species on the Turkish coasts greatly increased after 1980 and the last five years alone a total of 92 new species were recorded (Fig. 2) . A decreasing pattern is obvious in the yearly rate of introduction over the past years (Table 2) . While one new alien species was introduced every 15.3 weeks over the period 1981-2000 in the Aegean Sea, the time span has decreased to 8.7 between 2001 and 2005 The special interest in aliens by Turkish and foreign scientists in the last decade has increased and thereby, the real diversity of aliens within the groups of phytobenthos, fishes and crustaceans inhabiting the Turkish coasts seems to be well documented. Nowadays, a number of projects regarding the actual status of aliens along the Turkish coasts and their probable impacts on the native biota are undertaken.
Depth and habitat preferences of alien species
The distribution of alien species by depth and habitat is indicated in Figure 3 Benthic habitats (soft and hard substrata) harboured 76% of the total number of alien species (Figure 3 ). Thirty-nine species inhabited the pelagic environment. In soft substrata, all major groups, except for algae, are represented by a higher number of species. The majority of hard bottom organisms were reported among algae.
The Table 2 . time span (weeks) for alien species introduction along the turkish coasts.
Impacts of alien species
The phytoplankton species, Alexandrium tamarense, Gymnodinium cf. mikimotoi and Heterosigma cf. akashiwo, which were reported from Izmir Bay and classified as questionable in Table 1 , have a potential to cause a toxic and/or harmful bloom along the Turkish coasts (KO-RAY, 1984; BIZSEL & BIZSEL, 2002).
The green alga Caulerpa racemosa invaded soft and hard bottom habitats of the Levantine and Aegean coasts but its impact on the native biota has not yet been documented in the area. However, its occurrence off the Dardanel (salinity: 27 psu) indicates its highly adaptive and invasive character (OKUDAN et al., 2002) .
The negative effect of Mnemiopsis leidyi on the Black Sea ecosystem was summarized by KIDEYS (2002) . This zooplanktonic predator reached enormous biomass levels in the summer of 1989, devastating the food chain of the entire Black Sea basin, and subsequently led to a sharp decrease in the anchovy production along the Turkish coast. The other ship-mediated ctenophore, Beroe ovata, which largely feeds on ctenophores, appeared in 1997 in the Black Sea and has resulted in the decrease in the population of M. leidyi.
The outburst of the population of Rhopilema nomadica off the Levantine coast of Turkey was reported to have negative consequences on human health, tourism and fisheries (KIDEYS & GÜCÜ, 1995) . Many swimmers were stung and sought medical treatment. The blockage of nets of fishermen by individuals of R. nomadica also created major economical losses.
Rapana venosa, which feeds exclusively on bivalves, is responsible for the decrease in stocks of the bivalves Ostrea edulis Linné, 1758 and Mytilus galloprovincialis (Lamarck, 1819) in the Black Sea (BILECIK, 1990). The fishery of R. venosa was intense along the Turkish Black Sea coast, reaching up to 1166 tons in 1986, yielding 3.415.884 US $ (BILECIK, 1990) Low faunal diversity found on sponge samples collected from the southern Aegean Sea was due to the invasion of the Lessepsian species Ophiactis savignyi .
The species number and density of other groups within the sponge samples were sharply declined as compared to those collected from the northern sites where this echinoderm was not present. A negative correlation was estimated between number of specimens of the ophiuroid and the total number of specimens of other taxa.
The soft bottom near Alsancak Harbour in Izmir Bay was exclusively dominated by the spionid polychaete Streblospio gynobranchiata, which originated from the western Atlantic (ÇI-NAR et al., 2005) . Its density reached almost 34 300 ind.m -2 in the area and accounted for almost 100% of faunal populations at some stations. The soft bottom benthic community around Alsancak Harbour seems to be restructured by this species. KOÇAK et al. (1999) found dense populations of two alien serpulid species, Hydroides elegans and H. dianthus, on panels submerged in a polluted marina in Izmir Bay. The species density of H. elegans reached up to 98000 ind. m -2 and that of H. dianthus up to 2 000 ind.m -2 . The above authors also reported that an alien serpulid species of eastern Pacific origin, Spirorbis marioni, inhabited port environments subjected to relatively less pollution.
The density of Anadara demiri was found to be 300 ind.m -2 on grey mud and 30 ind.m -2 on black mud in Izmir Bay (DEMIR, 1977) .
Aliens might bring their own parasites with them. ØKSNEBJERG et al. (1997) reported that 90% of the specimens of Charybdis longicollis collected between Karatas and Fener Burnu (Levantine coast of Turkey) were infected by the rhizocephalan Heterosaccus dollfusi. They also stated that the prevalence of this parasite was estimated at 50-60% in the east of Karatas, with its prevalence gradually declining towards the east into Iskenderun Bay. GALIL & LÜTZEN (1995) found that 55% of the males and 43% of the females of C. longicollis were visibly infected by this parasite along the Israeli coast in May 1994.
From a large number of aliens inhabiting the Turkish coasts, only a few possess commercial value, mostly belonging to fishes and crustaceans. Little is known concerning the impact of commercially important alien species on local fisheries, since there is no available catch statistic that distinguishes native and alien species' landings. Due to the great number of species caught during various fisheries activities, governmental statistics tend to present relevant data on a family basis. For example, the "mullids" category includes four species (native Mullus spp. and Lessepsian Upeneus spp.); a similar situation is valid for sphyraenids (two native species vs. two Lessepsian species). Lessepsian clupeids, especially Etrumeus teres, form a remarkable proportion of the pelagic catch along the Levantine coast. The siganids are generally sold together with the native Sarpa salpa due to their similar morphologies (BILECENOĞLU & KAYA, 2002). At least seven fish species (Upeneus moluccensis, Saurida undosquamis, Scomberomorus commerson, E. teres, Sphyraena pinguis, Siganus spp.) are captured in large amounts (mainly by bottom trawls), and consumed throughout the Levantine and southern Aegean Sea coasts. In terms of biomass, S. undosquamis is the most prominent species in the bottom trawl catch composition (31.9% of total CPUE in Iskenderun Bay), followed by U. moluccensis and Siganus rivulatus .
Some species have relatively smaller catches and thus mostly consumed locally, i.e.
Alepes djedaba, Sillago sihama, Dussumieria elopsoides, Atherinomorus lacunosus. Among alien crustaceans, the highest annual production belongs to Callinectes sapidus (ca. 200 tonnes/ year), which is captured especially in lagoons in amounts as much as 2 tonnes/day during summer periods (ÖZCAN et al., 2003) . Marsupenaeus japonicus is one the most valuable shrimp species along the Levantine coast, which is also imported to various cities in Turkey. Since they are not captured in large quantities, other commercial shrimps (Metapenaeus spp., Penaeus semisulcatus) and brachyurans (Portunus pelagicus) are, in general, consumed locally.
Importance of alien species in total fauna
The relative percentages of aliens in total fauna are shown in Figure 4 . Mollusca had the highest score in the Black (3.1%) and Levantine (16.1%) Seas, Polychaeta in the Sea of Marmara (4.4%) and fishes in the Aegean Sea (5.9%). The score for Polychaeta in the Sea of Marmara does not reflect its true number as 11 of 12 aliens are questionable. The score seems to be accurate for the better-studied group, fishes, which has more aliens on the southern coasts than the northern coasts due to the influence of Lessepsian migrants. The highest alien percentages for all groups examined were found on the Levantine coast. This partly shows the impact of Lessepsian migration on the Levantine fauna and partly the lack of detailed works on some groups on the coast. The total number of species given for Mollusca and Polychaeta from the Levantine coast of Turkey is highly underestimated and undoubtedly would increase as further studies are carried out. It is a common assumption that Lessespsian migrants account for at least 10% of the species inventory of the Levantine Sea (POR, 1978) . BEN-ELIAHU (1995) estimated that the proportion of migrant polychaetes is almost 9%; for fishes 13% (GOLANI, 1998) and for decapod crustaceans 20% (GALIL, 1986).
Similarity among seas in terms of alien species
The dendrogram and MDS configuration in Figure 5 show that there are two groups in terms of the presence and absence of alien species in the Turkish seas. The Black Sea and the Sea of Marmara constitute one group, in which 16 species (mainly algae) are common. The other group with a similarity of 40% is composed from the Aegean and Levantine Seas, where 63 species (mainly lessepsian fishes) are common. There is a very weak similarity (20%) between the groups, which are placed at different corners of the MDS plot. As pointed out earlier, the southern seas seem to be more affected by Lessepsian migrants than ship-borne species, whereas shipping is the main vector in the transportation of aliens to the northern seas. The difference in the way of introduction seems to be the main reason for similarity or dissimilarity among the seas.
Conclusions
The compiled data show that a total of 263 established or questionable alien species inhabit the coast of Turkey, with the Levantine Sea having the majority of them (202 species). Detecting new aliens depends totally on accurate taxonomic identifications and the knowledge of local biodiversity. This requires the availability of systematic experts on biotal components in the area and a close cooperation among scientists both on local and global scales. The wealth of data accumulated on aliens depicts the importance of monitoring studies on the understanding of ecological and functional roles of aliens in the ecosystems. Finally, results of studies and projects should not be concealed among pages of reports and papers. They should be presented to governmental establishments and politicians to force them to take immediate precautions on the dispersal of aliens, particularly via ballast water discharges.
Addendum
Before the publication of this contribution, a total of 14 new alien species were reported from the Levantine (13 species) (Forsskål, 1775) ]. These findings increased the number of alien species known from the coast of Turkey from 263 to 277, and from 202 to 216 on the Levantine coast of Turkey.
